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(54) Transmission power control in a CDMA system 



(57) A method is disclosed for supporting the control 
of the transmitted power of a radio -signal transmitted 
between at least one base station and at least one mo- 



bile unit using digital CDMA techniques. The information 
on the instantaneous transmitter power is transmitted 
over the radio channel. 
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Description 

[0001] This invention relates to a transmitter for digital 
CDMA radio signals and to a method of controlling the 
transmitted power of such signals as set forth in the ge- 5 
neric parts of the respective independent claims. 
[0002] If digital CDMA techniques are used, transmit 
power control is necessary to optimize communications 
and link as many communications units as possible. In 
a CDMA transmission system, all intercommunicating 10 
units transmit simultaneously. For example, all mobile 
units which are in communication with a base station 
transmit their signals simultaneously, but modulated 
with different codes. At the base station, the signals are 
decoded and can be assigned to the individual mobile 15 
units. All the other transmitted signals form a back- 
ground signal, i.e.. an interference signal. It is obvious 
that adaptation of the transmitted powers of the individ- 
ual mobile units linked with a base station is necessary 
in order to be able to decode and distinguish the indi- 20 
vidual signals. When a mobile unit transmits with exces- 
sive power, it "drowns out" all other transmitters linked 
with the base station. The different output powers of the 
mobile units depend on the distances of the units from 
the base station and on further attenuating effects, such 25 
as Doppler effects and Rayleigh fading. To adapt the 
transmitters to different conditions in the transmission 
channel, the receiving base stating attempts to optimize 
the output powers of the individual mobile units linked 
with it by using so-called TPC commands (TPC = Trans- 30 
mit Power Control). 

[0003] These control methods are known, for exam- 
ple, from A. Viterbi. "CDMA: Principles of Spread Spec- 
trum Communication", Addison-Wesley. 1998. page 
182 et seq. Open-loop or closed-loop power control 35 
mechanisms are used. With a CDMA power control 
loop, the input power of a mobile unit is analyzed on the 
basis of the quantities measured at the input of the re- 
ceiver, such as input signal power and interference pow- 
er. The input signal power is composed of the transmit- <*o 
ted power of the mobile unit and the channel loss on the 
transmission link. At the receiver, it is not readily possi- 
ble to calculate or measure the contributions of the in- 
dividual components to the total input signal power. 
[0004] The method according to the invention has the 45 
advantage that information about the transmitter power 
is transmitted in digital form. This makes it possible to 
separate the two components, namely the output power 
of the transmitter and channel effects, at the receiver. 
This permits improved power control, since the contri- 50 
butions of the individual components are not merely es- 
timated but are available in the receiver as an absolute 
number. Through the presence of this accurate value, 
further development of CDMA transmit power control al- 
gorithms is possible. Such algorithms improve the per- 55 
formance of the transmitter power control, particularly 
under macrodiversity conditions. 

[0005] One embodiment of the invention is illustrated 



in the accompanying drawings and will now be ex- 
plained in more detail. In the drawings; 

Fig. 1 shows two units A and B, each of which may 
be a base station or a mobile unit; and 

Fig. 2 shows a transmitter unit with a device for de- 
termining the transmitter power. 

[0006] In the embodiment it is assumed that unit A 
represents a mobile unit, and unit B a base station. The 
transmitter 1 of the mobile unit sends its data over the 
channel 2 to the receiver 3 of the base station. The re- 
ceiver 3 in the base station is connected to a means 4 
for estimating the signal-to-interference ratio. The out- 
put of means 4 is coupled to an arithmetic unit 5. which, 
in turn, is connected to a transmitter 7. The transmitter 
7 sends control commands over a data channel 8 to the 
receiver 9 of the mobile unit. 

[0007] The mobile unit A transmits its data to the base 
station B over the channel 2, which represents a con- 
trolled link to the base station. In the base station B. the 
received data are demodulated and decoded and fed to 
a device which determines the signal-to-interference ra- 
tio for the incoming signal. This value SIR is measured 
at a high sampling rate. It is compared in the arithmetic 
unit 5 with an SIR target value. Using specific algo- 
rithms, the arithmetic unit 5 generates transmit power 
control (TPC) commands 6, which are sent by the trans- 
mitter 7 of the base station to the mobile unit A. In the 
receiving unit A. the TPC commands 6 cause an adap- 
tation of the output power. At a given sampling instant i. 
the measured transmitter power of the mobile unit A is 
STXj and the measured power at the receiver 3 of the 
base station is SRXj. The absolute loss in the channel 
2 is defined as 

ACLj = STXj / SRXj. 

[0008] The interference-to-noise power at the receiv- 
er at the same instant i is IRXj. The dimensionless SIR 
value is then given by 

SlRj = SRXj / IRXj. 

[0009] To ensure optimum and fast adaptation of the 
transmitted power of the mobile station to the changes 
in channel 2, it is necessary that information about the 
dynamic behavior of the channel, and thus of the chan- 
nel loss ACL, is available in real time. "Real time" as 
used herein also means that control is to be effected on 
a time slot - by - time slot basis. In the CDMA receiver 
3 in the base station, the value of the signal SRX is 
measured in each time slot. If the transmitted value STX 
for the same time slot is known, the receiver can deter- 
mine the channel loss directly from 



2 



3 



EP 1 047 208 A1 



4 



' ACL = STX / SRX. 

[0010] To transmit the absolute vaiue of the transmit- 
ter, different variants are conceivable. In one variant, the 
information is transmitted via the instantaneous trans- 
mitter power STX in each time slot. Additional informa- 
tion bits are necessary to transfer the value to the re- 
ceiver. The number of information bits depends on the 
transmitter power range and on its granularity. If. for ex- 
ample, a transmitter power range of 80 dB is to be trans- 
mitted with steps of 1 dB. then ( 2 log 80 +1) = 7 bits are 
needed. 

[0011] In another embodiment, the absolute transmit- 
ter power STX is transmitted only once every n time 
slots, i.e.. once every tenth of a second. In the interme- 
diate time slots, the difference ASTX between one time 
slot and its preceding time slot is transmitted. The 
number of bits required to transmit a ^STX again de- 
pends of the bandwidth of the transmitter power and on 
the granularity. If, for example, a range of 1.5 dB is to 
be transmitted with a resolution of 0.25 dB. then, with 
an additional bit for the sign. 

2 log(1.5/0.25) + 2 = 4 bits 

are needed. 

[0012] In a further embodiment, only the differences 
^STX in signal power STX are transmitted from one time 
slot to another. 

[0013] If the mobile unit is in communication with only 
one base station, and the difference in transmitter power 
ASTX is transmitted, the value of this difference is equal 
to the value of the TPC commands which are transmit- 
ted from the base station over the command link 8 to the 
mobile unit. If the mobile unit is in contact with several 
neighboring base stations at the same time ("macrodi- 
versity"). the transmitted value ASTX is equivalent to the 
TPC command which has been selected in the mobile 
unit according to internal rules of the relevant standard. 
If the proposed power control is used in both directions, 
the STX and TPC commands are equivalent in each di- 
rection. 

[0014] The proposed transmitter power control re- 
quires an estimated additional bandwidth of 10 % to 20 
% in the pilot channels of the upstream and downstream 
channels. To be able to perform such a control, the 
transmitters and receivers must be tuned to the addi- 
tional information. The air interface between units A and 
B must be adapted to the additional information. At the 
transmitting end. an additional determination of the in- 
stantaneous absolute transmitter power as shown in 
Fig. 2 may be necessary. 

[001 5] The TPC commands arriving at the transmitter 
are received by the receiver 9 of unit A. The receiver is 
connected to a central control unit 11 which processes 
incoming and outgoing data and has further input chan- 



nels. The outgoing data are passed to a transmitting unit 
10. The power of this transmitting unit is determined by 
a determining unit 12 connected to the transmitting unit. 
The power data determined by the determining unit 12 • 

5 are passed to the transmitter 1 . which integrates the in- 
formation into the data flow in coded form. These real- 
time data are preferably transmitted over the pilot chan- 
nel of the link. At the receiving end. now further modifi- 
cations are necessary, since only a signal value deter- 

10 mined at the transmitting end is processed in addition 
to a signal value estimated at receiving end. The receiv- 
er only needs to have the capability to process the ad- 
ditional information and feed it to the arithmetic unit 5 
for analysis and further processing. 

15 

Claims 

1 . A method of supporting the control of the transmit- 
20 ted power of a radio signal transmitted between at 

least one base station (B) and at least one mobile 
unit (A) using digital CDMA techniques, comprising 
the steps of measuring the power of the received 
radio signal and an interference signal in the receiv- 
25 er (3. 9) and subsequently processing the meas- 

ured values as a signal-to-interference ratio (SIR), 
characterized in that information about the instan- 
taneous power of the transmitter (1 . 7) is transmit- 
ted over the radio channel. 

30 

2. A method as claimed in claim 1, characterized in 
that the transmitter power is transmitted as an ab- 
solute value in digital form. 

35 3. A method as claimed in claim 1. characterized in 
that the transmitter power is transmitted as a rela- 
tive value. 

4. A method as claimed in claim 2 or 3, characterized 
40 in that the transmission contains the minimum 

number of data bits required for the absolute or rel- 
ative value and for resolution. 

5. A transmitter for digital CDMA radio signals with 
45 output power control and with a receiver for control 

signals which serve to adjust the output power, 
characterized in that the transmitter comprises 
means for the absolute determination of its output 
power and means for inserting this information as 
50 data bits into the data flow to be transmitted. 

6. A transmitter as claimed in claim 5, characterized 
by being contained in a mobile unitor a base station. 

55 
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